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Abstract 
Natural gas (NG) is expected to be used broadly in China to replace coal in district heating sector in order to reduce air 
pollution due to coal burning. However, it is difficult for natural gas to penetrate district heating market due to its 
relatively high cost. In the present study, a market simulation method is proposed to find the marginal conditions and 
policy to promote natural gas utilization for district heating. In the proposed method, technology improvement, pricing 
mechanism, carbon tax and user’s pricing response are considered. The prerequisite of the market simulation is that the 
heating expenses of end-users won’t increase and the benefit of heat producers won’t decrease when using NG to replace 
coal. Based on the obtained analysis results, gas pricing revolution, heating pricing revolution and carbon tax mechanism 
are discussed in order to promote the gas-fired heating through market mechanism. 
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1. Background 
For a long time, coal has been supporting Chinese rapid economic development as a key source of energy. However, 
inefficient coal burning has caused serious air pollution in China, which pushes China to pursue clean energy. Under 
this circumstance, natural gas (NG) is gradually becoming the new focus because of its significant advantages in 
environmental protection and efficiency. In the past decade, China has been working on increasing NG supplies mainly 
through two channels: domestic production, and NG import. The domestic production from both the conventional gas 
resources (including onshore and offshore), and other unconventional resources such as coal-bed methane and shale gas 
is increasing steadily, in addition, NG import has been increased through pipeline and liquefied NG (LNG).  When the 
gas supply is ensured, it’s essential to stimulate gas consumption in order to promote the further development of NG 
industry. one way is to increase gas application to district heating system. 
In district heating system, coal is the dominant fuel China. However, due to the severe air pollution caused by coal 
utilization, more NG is expected to be utilized considering its less negative impacts. But it’s not easy to popularize gas-
fired heating system because of its higher operation cost and the double-track pricing system for gas-fired heating and 
coal-fired heating. Based on this background, a market simulation model is proposed to find the marginal conditions for 
natural gas to replace coal in district heating sector base on the technology development and market policy which can 
fill the cost gap between gas-fired heating and coal-fired heating and motivate the heating market to use more gas instead 
of coal. 
2. Model description 
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To evaluate the economy of the coal-fired heating system and gas-fired heating system under different conditions, the 
proposed market simulation model integrates the need from heat producers, end-users and government consideration. In 
order to achieve the goal of maximizing the profit, heat producers can freely choose coal or gas as fuel to produce heat. 
As more pollution is caused by coal-fired heat production than by gas-fired heating production, the Government would 
impose. It is further assumed that the heat metering-based pricing mechanism is applied, and there is one single heat 
price whether the fuel is gas or coal. Then, the production costs of heat based on coal and NG can be calculated as:  
 
ܥ௛௘௔௧ି௖ ൌ ܥ௛௘௔௧ି௖௙ ൅ ܳ௛௔௔௧ି௖ ൈ ௖ܲ ൅ ܶ                                              (1) 
ܥ௛௘௔௧ି௚ ൌ ܥ௛௘௔௧ି௚௙ ൅ ܳ௛௘௔௧ି௚ ൈ ௚ܲ                                                (2) 
 
Where ܥ௛௘௔௧ି௖ and ܥ௛௘௔௧ି௚ is the cost of 1 MJ heat produced by coal-fired and gas-fired boiler, ܥ௛௘௔௧ି௖௙ andܥ௛௘௔௧ି௚௙is 
the fixed cost of 1 MJ heat, ܳ௛௔௔௧ି௖ and ܳ௛௘௔௧ି௚ is the quantity of coal and gas producing 1 MJ heat, ௖ܲ and ௚ܲ is the 
coal and gas price, ܶ is carbon tax of 1 MJ heat. 
 
To get the reasonable results, the model is subject to the following constraints: 
1. To promote the utilization of NG, the profit of using NG should be higher than using coal after introducing the 
carbon tax. 
ܥ௛௘௔௧ି௚ ൏ ܥ௛௘௔௧ି௖                                                            (3) 
 
2. Profit of heat producer shouldn’t be negative. 
௛ܲ௘௔௧ െ ܥ௛௘௔௧ି௖ ൐ Ͳ                                                                (4) 
௛ܲ௘௔௧ െ ܥ௛௘௔௧ି௚ ൐ Ͳ                                                                (5) 
Where ୦ୣୟ୲ is heat price after the heat price reform. 
 
3. Heating expenses of end-users shouldn’t be increased when shifting the fuel from coal to NG. 
3. Data analysis 
Taking the Beijing market as an example, the Thermal efficiency of coal-fired boilers is generally between 70% -
80%, while the one of gas boilers can reach 90%. On average, the investment costs of coal-fired boilers and gas-fired 
boilers are 1.3 million RMB/ MW and 0.47 million RMB / MW respectively. Assume that boilers only run in the heating 
season which amounts to 120 days and their service life are 10 years. Currently in Beijing, industrial pipeline NG price 
is 3.23 RMB/ଷ, and standard coal price is about 720 RMB/ton. The cost comparison of coal-fired heating and gas-
fired heating are listed as follows: 
 
Table 1. The comparison on cost between coal-fired heating and gas-fired heating. 
 
 Coal-fired heating Gas-fired heating 
Fuel price 0.72 RMB/kg 3.23 RMB/ଷ 
Fuel price in RMB/MJ 0.0381 RMB/MJ 0.0831 RMB/MJ 
Fuel heat value 18.9 MJ/kg 38.87 MJ/ଷ 
Average boiler efficiency 75% 90% 
boiler cost 130 million RMB/MW 47 million RMB/MW 
 
Based on the cost information shown in Table 1, Eq. 6 and 7 can be rewritten as: 
 
ܥ௛௘௔௧ି௖ ൌ
଴Ǥ଻ଶൈଵெ௃
ሺଵ଼Ǥଽெ௃ൈ଻ହΨሻ ൅ ܶ ൈ ͳܯܬ ൅
ଵଷ଴଴଴଴଴
ଵ଴ൈଵଶ଴ൈଶସൈଷ଺଴଴ ൈ
ଵெ௃
ଵெௐ ൌ ͲǤͲ͸͵͵ ൅ ܶ˄ܴܯܤ˅          (6) 
 
ܥ௛௘௔௧ି௚ ൌ
ଷǤଶଷൈଵெ௃
ሺଷ଼Ǥ଼଻ெ௃ൈଽ଴Ψሻ ൅
ସ଻଴଴଴଴
ଵ଴ൈଵଶ଴ൈଶସൈଷ଺଴଴ ൈ
ଵெ௃
ଵெௐ ൌ ͲǤͲͻ͸ͺ˄ܴܯܤ˅                     (7) 
 
In order use more gas instead of coal, profit of gas-fired heat producer should be higher than coal-fired heat producer, 
which can be expressed as Eq. 8.  
 
ܥ௛௘௔௧ି௖ െ ܥ௛௘௔௧ି௚ ൐ Ͳ                                                            (8) 
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Solving Eq. 8 gives 
 
ܶ ൐ ͲǤͲ͵͵ͷ˄ܴܯܤȀܯܬ˅                                                        (9) 
 
According to Eq. 4, Eq. 6 and Eq. 9, the relation between heat price and carbon tax can be get as Eq. 10. 
 
௛ܲ௘௔௧ ൐ ͲǤ͸͵͵ ൅ ܶ ൐ ͲǤͲͻ͸ͺ˄ܴܯܤȀܯܬ˅                                        (10) 
 
In Beijing, the index of heat consumption of building is 0.072 Ȁሺ݉ଶ ή ݄ሻ. Coal-fired heat price in one heat season 
is 19 Ȁ݉ଶ, while gas-fired heat price is 30 Ȁ݉ଶ. Take a 100-݉ଶ house as an example. Its heat consumption in 
one heat season is calculated as Eq. 11. 
 
ܳ௛௘௔௧ ൌ ͲǤͲ͹ʹ ൈ ͳͲͲ ൈ ʹͶ ൈ ͳʹͲ ൌ ʹͲ͹͵͸ሺܯܬሻ                                 (11) 
 
Where ܳ௛௘௔௧  is the heat consumption of this house in one heating season.  
Currently the heat produced from Coal-fired heating plants and gas-fired heating plants has different prices, which is 
19 Ȁ݉ଶ from coal, while 30 Ȁ݉ଶ from NG. So the heat price per MJ is calculated as Eq. 12. 
௛ܲ௘௔௧ି௖ ൌ
ଵଽ
଴Ǥ଴଻ଶכଶସכଵଶ଴ ൌ ͲǤͲͻͳ͸ሺܴܯܤȀܯܬሻ                                         (12) 
 
End-users will be motivated to reduce heat consumption by installing insulation after applying heat metering-based 
pricing mechanism. Take a 100-݉ଶ house as an example. Generally its wall is 3 meters high. So the surface area of the 
house is about 350 ݉ଶ. Assume the most expensive polyurethane foam (580 RMB/݉ଷ) is installed as insulation. Its 
optimal thickness is 9.70mm. So it costs 1969.1 RMB. Assume its service life is 30 years and the average cost is only 
65.64 RMB per year. Approximately, it will save heat consumption by 20%. Meanwhile, through demand response 
mechanisms based on intelligent control technology, end-users will be motivated to stop heat supply when no one is at 
home. According to the data collected from a survey, a family can stop heat supply about 4 hours per day. 
In order to keep the current expenses of coal-fired heat end-users, which is 1900 RMB, the highest acceptable heat 
price to coal-fired heat end-users is calculated as Eq. 13. 
 
݌௛௘௔௧ ൌ
ଵଽ଴଴ି଺ହǤ଺ସ
଴Ǥ଴଻ଶൈ˄ଵିଶ଴Ψ˅ൈଵ଴଴ൈଶ଴ൈଵଶ଴ ൌ ͲǤͳ͵ʹ͹˄ܴܯܤȀܯܬ˅                       (13) 
 
Where ݌௛௘௔௧  is the highest acceptable heat price to coal-fired heat end-users. 
The relation between heat price and heat expenses of end-user are shown in Fig. 1. Point A shows the state of end-
user using coal-fired heat. Point B shows the highest acceptable heat price. Point C is the intersection of initial-state line 
and ultimate-state line. Initial state means that insulation isn’t installed and heating time isn’t shortened, while ultimate 
state means that insulation is installed and heating time is shortened simultaneously. All points within the area of triangle 
ABC could make sure that the heating expenses of end-user won’t increase, which can also be realized through installing 
insulation and shortening heating time shown as blue line and grey line in Fig. 1. 
 
Fig. 1. The relationship between heat price and heating expenses of 
end-user 
Fig. 2. The relation between heat price and profit per MJ of heat 
producer 
 
The cost of coal-fired heat producer should be less than heat price to keep itself alive. So when heat price reaches its 
highest level, the highest carbon tax imposed on coal-fired heat producer should satisfy Eq. 14. 
 
݌௛௘௔௧ െ ܥ௛௘௔௧ି௖ ൌ Ͳ                                                            (14) 
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  According to Eq. 6, 13 and 14, the highest carbon tax imposed on coal-fired heat producer is calculated as Eq. 15. 
 
ܶ ൌ ͲǤͲ͸ͻͶ˄ܴܯܤȀܯܬ˅                                                   (15) 
 
Where ܶ is the highest carbon tax levied on coal-fired heat producer. 
The relation between heat price and profit per MJ of heat producer is shown in Fig. 2. When the heat price changes 
within its feasible set, to maximize the carbon tax equal to make the profit of coal-fired heat producer vanish, and to 
minimize the carbon tax equal to unify the profit of coal-fired and gas-fired heat producers. Therefore, in the shaded 
portion of Fig. 2, as long as the carbon tax is higher than the threshold value which is 0.0335 RMB/MJ, using gas as fuel 
will be more profitable than using gas below the market economic system. On the premise of other conditions unchanged, 
the profit of heat producer will increase with heat price raises while the heating expenses of end-users won’t increase. 
Denote gas price with ݌௚. According to Eq. 2 and 5ˈthe gas-fired heating cost is calculated as Eq. 16. 
 
ܥ௛௘௔௧ି௚ ൌ
௣೒ೌೞ
ሺଷ଼Ǥ଼଻ൈଽ଴Ψሻ ൅
ସ଻଴଴଴଴
ଵ଴ൈଵଶ଴ൈଶସൈଷ଺଴଴                                                (16) 
 
  When the gas-fired heating cost equals the highest heat price, which means the heat producer has no profit, the highest 
acceptable gas price to heating market can be calculated as Eq. 17. 
 
݌௚௔௦ ൌ ቀͲǤͳ͵ʹ͹ െ
ସ଻଴଴଴଴
ଵ଴ൈଵଶ଴ൈଶସൈଷ଺଴଴ቁ ൈ ሺ͵ͺǤͺ͹ ൈ ͻͲΨሻ ൌ ͶǤͶͺͶͺሺܴܯܤȀ݉Ϳሻ              (17) 
 
Where ݌௚௔௦ is the highest acceptable gas price to heating market. 
  The dynamic circumstance of heat producer’s profit along with gas price is shown in Fig. 3, when heat price equals 
0.1327 RMB/MJ. When gas price is lower than 2.059 RMB/݉ଷ, the gas-fired heating cost will be lower than coal-fired 
heating cost. So the heat producer will use gas instead of coal as fuel without any carbon tax levied. On the contrary, 
when gas price is higher than 2.059 RMB/݉ଷ, it is necessary to levy carbon tax to make gas-fired heating more profitable 
than coal-fired heating.  
 
  
Fig. 3. The dynamic circumstance of heat producer’s profit along with gas 
price 
Fig. 4. The relation between the highest acceptable gas price and 
carbon tax 
  Fig. 4 shows the relation between the highest acceptable gas price and carbon tax. Point C means the highest gas price 
that gas-fired heat producer can accept is 2.059 RMB/݉ଷ to make sure gas-fired heating cost lower than coal-fired 
heating cost, when carbon tax is zero. Considering the current gas price is 3.23 RMB/݉ଷ, as long as carbon tax is higher 
than 0.0335 RMB/MJ, gas-fired heating cost can be lower than coal-fired heating cost, which is shown as Point A. Point 
B means that when tax carbon tax reaches 0.0694 RMB/MJ, the highest gas price that gas-fired heat producer can accept 
is 4.4848 RMB/݉ଷ to make sure gas-fired heating cost lower than coal-fired heating cost. 
 
4. Discussion 
The main purpose of the heating system reform is to promote energy conservation act to set up mechanisms of building 
conservation-oriented society, so as to make a warm and comfortable environment for end-users with a minimized 
heating cost. From what has been discussed above, it would be reasonable to propose that “using more gas instead of 
coal” can be achieved by market - oriented means such as innovative pricing model and tax policy. The end-users are 
allowed to control heating supply in real-time when heat supply controlling valves are installed. Thus, people will be 
motivated to save heat consumption when heat price is high. Meanwhile, the heat metering-based pricing mechanism 
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will also drive end-users to install insulation, which is another approach to reduce heat consumption without decreasing 
indoor temperature. For carbon tax imposed on coal-fired heat producers, of which the cost superiority will be eliminated 
over gas-fired heat producers. Meanwhile, the tax can be used for pollution treatment to enhance the air quantity.  
In addition, the reform of heating market will also promote natural gas marketization. Through heat price reform, 
“using more gas instead of coal” can be achieved, and high price of natural gas can be accepted in China. With the 
higher profits, natural gas companies in China will be motivated and competent to produce other energies such as shale 
gas, which will further improve the energy security. So, innovation of pricing mechanism in energy market is critical to 
promote the revolution of energy supply and demand in China.  
5. Conclusion 
A market simulation model is proposed in the present study to find the marginal conditions for natural gas to replace 
coal in heating supply considering technological development, pricing mechanism and carbon tax and district heating 
market reform. The logics of the model are that heating expenses of end-users won’t increase and that heat producers 
won’t loss money, market simulation method is used to simulate supply and demand situation of heating market. The 
simulation results show that by installing thermal insulation material, utilizing the technology of end-users’ demand 
response and reasonably imposing carbon tax, both heat producer and end-user have an incentive to spontaneously use 
natural gas as heating fuel instead of coal. 
  Specific numerical conclusions are as follows: 
1. Under the current prices of coal, gas, boilers, insulation materials, heat price will change from 0.0968 to 0.1327 
RMB/MJ if the carbon tax imposed on coal-fired heat producer is from 0.0335 to 0.0694 RMB/MJ. In this case, gas-
fired heating will be more profitable than coal-fired heating with heat producers freedom from loss and the heating 
expenses of end-users not increasing. 
2. On the premise of satisfying the constraints, the highest gas price that gas-fired heat producers can accept is 4.4848 
RMB/݉ଷ if heat price is maximized as 0.1327 RMB/MJ and carbon tax is maximized as 0.0694 RMB/MJ. When heat 
price is lower than 2.059 RMB/݉ଷ, heat producers will choose gas as fuel without any carbon tax imposed. 
From the viewpoints of demand revolution, market mechanism revolution and utilizing the commodity property of 
energy, countermeasures are discussed to cope with current problems to create economic feasibility for gas-fired heating, 
so that the development of gas-fired heating will be promoted through market mechanism. 
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